The effect of tapered toothbrush filaments compared to end-rounded filaments on dental plaque, gingivitis and gingival abrasion: a systematic review and meta-analysis 
| INTRODUCTION
It is well known that dental plaque on teeth and gingival surfaces eventually leads to gingival inflammation.
1 Therefore, effective plaque removal is most important for maintaining and improving dental health. Gingivitis can primarily be prevented by the daily use of a toothbrush with an adequate brushing technique. Many variations of manual toothbrushes are currently available on the market with the claim that they are effective for plaque removal and safe for use. 2 Brush head and filament shapes and even the placement of the filaments in the handle are the subjects of new improvements. 3, 4 Ever since the introduction of nylon filaments in the 1930s, much imagination and inventiveness has been applied to toothbrush design. The number and length of filaments in a tuft, the number of tufts and the arrangement of tufts are aspects that may vary with toothbrush filament designs.
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Manufacturers claim their own specific specialty in numerous surveys for each new designed toothbrush. 4 The American Dental Association (ADA) recommends that the toothbrush bristle ends be "free of sharp or jagged edges and endpoints" to minimize gingival and dental abrasions. 6 Consequently, most manual toothbrushes have conical or end-rounded filaments. The latest development is a manual toothbrush with tapered toothbrush filaments (TFTBs)
originally produced by toothbrush manufacturers from Asia. Those manufacturers that produce toothbrushes with tapered filaments claim better plaque removal, which can result in increased gingival health and a decrease in potential gingival tissue trauma compared to toothbrushes with end-rounded filaments. A systematic review evaluating the efficacy of a tapered filament toothbrush (TFTB) on the parameters of dental plaque index scores (PI), gingival health (bleeding scores (BS), gingivitis index (GI)) and gingival abrasion (GA) is currently not available. Thus, the aim of this article was to systematically collect and appraise the scientific evidence that assesses the effect of a manual toothbrush with tapered filaments compared to a manual toothbrush with end-rounded filaments on the clinical parameters of plaque, gingivitis and GAs.
| MATERIALS AND METHODS
This systematic review was prepared and described in accordance with the Cochrane Handbook 7 for Systematic Reviews of Interventions, which provides guidance for the preparations, and the guidelines of Transparent Reporting of Systematic Reviews and Meta-analyses (PRISMA statement). 8, 9 The protocol that details the review method was developed "a priori" following an initial discussion among the members of the research team.
| Focused question

Based on the outcome of Randomized Controlled Clinical Trials (RCT),
what is the summarized effect of a manual toothbrush with tapered filaments compared to a flat-trim manual toothbrush with end-rounded filaments on the clinical parameters of plaque, gingivitis and GA?
| Search strategy
Internet sources were used to search for appropriate papers that satisfied the study purpose. These sources included the National Library 
| Screening and selection
Titles and abstracts of studies obtained from the searches were independently screened by two reviewers (FH and DES) and were categorized as definitely eligible, definitely not eligible or questionable. The reviewers were not blinded to names of authors or institutions and journals while making the assessment.
The eligibility criteria were as follows:
• RCTs If eligible aspects were present in the title, the paper was selected for further reading. If none of these aspects were mentioned in the title, the abstract was read in detail to screen for suitability. Papers that potentially would meet the inclusion criteria were obtained and read in detail by the two reviewers (FH and DES). Disagreements in the screening and selection process concerning eligibility were resolved by consensus or, if disagreement persisted, by arbitration through a third reviewer (GAW). The papers that fulfilled all of the inclusion criteria were processed for data extraction. 
| Assessment of heterogeneity
The heterogeneity of the primary outcome parameters across studies was detailed according to the following factors:
• Study design, research groups and evaluation period
• Intervention: type of manual toothbrushes and procedures
• Industry funding and side effects
| Quality assessment
Two reviewers (FH and DES) scored the methodological qualities of the included studies according to the method described in detail by Keukenmeester et al. 10 In short, when random allocation, defined eligibility criteria, masking of examiners, masking of patients, balanced experimental groups, identical treatment between groups (except for the intervention) and reporting of follow-up were present, the study was classified as having an estimated low risk of bias. When one of these criteria was missing, the study was considered to have an estimated moderate risk of bias. When two or more of these criteria were missing, the study was estimated to have a high risk of bias, as pre viously proposed by Van der Weijden et al. 
| Data analysis
As a summary, a descriptive data presentation was used for all studies.
For studies that had multiple treatment arms and for which data from the control group were compared with more than one other group, the number of subjects(n) in the control group was divided by the number of comparisons. 
| Grading the body of evidence
The Grading of Recommendations Assessment, Development and Evaluation system, as proposed by the GRADE working group, was used to rank and grade the evidence emerging from this review. 12, 13 Only for the outcome parameters, for which a meta-analysis was applicable, a GRADE evidence profile was performed. Two reviewers (GAW and DES) rated the quality of the evidence as well as the strength and direction of the recommendations according to the following aspects: risk of bias of the individual studies; consistency and precision among the study outcomes; directness of the study results; and detection of publication bias. Any disagreement between the two reviewers was resolved after additional discussion.
| RESULTS
| Search & selection results
The databases searches resulted in 33 unique papers (for details, see Figure 1 ). The screening of titles and abstracts resulted in six papers [14] [15] [16] [17] [18] [19] that were eligible for inclusion in this systematic review according to defined criteria for study design, participants, intervention and outcome. Hand searching of the reference lists did reveal one additional suitable paper by Checchi et al. 20 A total of seven papers presented eight comparisons.
| Assessment of heterogeneity
Considerable heterogeneity was observed in the seven clinical trials with respect to study design, evaluation period, study population, End-rounded bristles removed plaque more effectively without causing a higher incidence of gingival abrasion when compared with tapered bristles.
ERTB, end-rounded toothbrush; TFTB, tapered filament toothbrush; DF, dentifrice;
♀, female; ♂, male; NA, not applicable; OP, oral prophylaxis; ◊, calculated by the authors of this review based on the presented data in the selected paper.
number, gender and age of participants. Information regarding the study characteristics is displayed in detail in Table 1 . Various clinical indices and their modifications were used.
| Study design, research groups and evaluation period
All included studies were RCTs. Six studies used a parallel design (I, II,III, IV, V and VI), of which one used an experimental gingivitis model (IV). Three studies used a split-mouth design (studies I, IV and VII) of which one (VII) used a cross over design. The approximate mean age of the included participants was 30 years. All the studies excluded participants with periodontitis. In study I, no females were included.
The evaluation period varied from single use (I and VII), 30 days (III and IV), 60 days (II and VI) and 6 months (V). Procedures for allocation concealment were not described in any of the selected studies with the exception of study IV. Masking (blinding) of the examiner was described in all studies. Blinding of the participant is difficult as the filament design is visible for participants. Nevertheless, one study (VI) mentioned double-blinding. In this study and study III, participants were not informed if they were assigned a test or control toothbrush.
| Intervention: type of manual toothbrush and procedures
Studies mentioned a washout period of 7 days (III), a familiariza- Table 1 . In all studies, participants brushed with dentifrice during the course of the study. One study mentioned that no dentifrice was used during the brushing procedure (I). Another study used a split-mouth design to brush with dentifrice or water with both toothbrushes (VII).
| Industry funding & side effects
All but one (VII) of the selected studies were supported by GABA toothbrushing, a small GA was observed on the palatal mucosa between the two middle incisors (papilla incisiva). It was not possible for these authors to determine which brush, TFTB or end-rounded toothbrush filaments (ERTB), caused the abrasion.
| Quality assessment
The quality assessment items, including external, internal and statistical validity are presented in the Appendix S1. Based on a summary of these criteria, the estimated potential risk of bias is low in all studies.
Because less than 10 studies were included in the meta-analysis, 7 the formal testing for publication bias that was proposed by Egger et al.
21
could not be used owing to insufficient statistical power.
| Results of study outcomes
The Appendix S2 (a-d) shows the results from the data extraction.
In the current review, different indices and their modifications were used. Information regarding the changes within each intervention group for the various indices was also presented. Table 2 presents the descriptive analysis. In general, the overall descriptive analyses for PI showed three comparisons in favour of the TFTB and three in favour of the ERTB. Two comparisons resulted in no difference. Regarding GI, two of three experiments showed a positive significant effect towards the TFTB. For BS, one comparison showed a significant effect for the ERTB and one comparison found no difference between the two toothbrushes. The three comparisons (17, 2×19) that evaluated the parameter of GA showed that there is no difference between the TFTB and the ERTB.
| Between groups
One experiment also evaluated the effect of both toothbrushes with and without dentifrice. No difference in the incidence of GA was detected between the toothbrushes when used with dentifrice nor with water.
| Meta-analysis
Only the available data for PI by the use of the Quigley & Hein Table 4 shows a summary of the various factors used to rate the quality of evidence and strength and direction of recommendations accor ding to GRADE 12,13 including the level of certainty. 24 A meta-analysis could be performed only for Pl and Gl, and consequently, an evidence profile was created. The TFTB studies that were evaluated were from one manufacturer only, which may introduce a publication bias. With respect to PI scores, the strength of the underlying evidence was estimated to be low. Given that the meta-analysis provides no evidence supporting that the TFTB removes dental plaque better than an ERTB, the direction of the recommendation is that currently, no preference for the TFTB over the ERTB is evident.
| Evidence profile
Concerning the data for the gingival index (GI), the strength of the underlying evidence is mode rate. With a small clinical benefit, the direction of the recommendation was therefore weak in favour of the TFTB for reducing gingivitis.
| DISCUSSION
| Summary of main findings
This systematic review aimed to determine the clinical efficacy of manual toothbrushes with different filament designs. Tapered filaments have endings in the shape of an extreme rotational ellipsoid as opposed to end-rounded filaments shaped like a hemisphere. A meta-analysis was performed on PI 22 and GI, 23 which showed a statistically significant effect in favour of the TFTB on GI. The aim of this study was to systematically collect and appraise the scientific evidence that assesses the effect of a manual toothbrush with tapered filaments compared to a manual toothbrush with endrounded filaments on the clinical parameters of plaque, gingivitis and GAs. The hypothesis that the use of a manual toothbrush with tapered filaments provides better results than a manual toothbrush with end-rounded filaments could not be accepted. The analyses of the current available studies included in this systematic review did not result a thorough conclusion concerning the effects of TFTBs or ERTB.
| Strength of evidence for outcomes
The discrepancy between the findings in descriptive summary (Table 2 ) and the results of the meta-analysis (Table 3) 
| In vitro studies
Especially for areas that are difficult to access, the filament and bristle design can be important in relation to the efficacy of the toothbrush.
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Several in vitro studies have specifically evaluated the efficacy of tapered filaments. In one study, the TFTB was compared with an ADAreferenced brush on artificial plaque removal at the gingival margin and the subgingival area. 26 The TFTB was found to be more effective.
Another in vitro study concluded that a TB with filaments at two different levels with the TF at the high level resulted in a significantly improved removal of the artificial plaque from the interproximal areas.
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TF also appear to have an advantage for reaching into the occlusal fissure compared to ER. 
| End rounding
With cylindrical filaments, end rounding is an issue. Using scanning electron microscopy, a recent evaluation of children's toothbrushes
showed that the percentage of acceptable end-rounded bristles ranged from 1.4% to 20.2%. 29 Therefore, these toothbrushes labelled as end rounded had the potential to harm oral tissue. Their study demonstrated that quality control for the rounding of bristle ends as well as for the labelling of end-rounded bristles is needed.
We recently demonstrated that filaments that are not end rounded are more abrasive than partially or fully end-rounded filaments.
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In the past, we have also shown that the form of end rounding had an effect on toothbrush abrasivity. The dome-shaped end rounding was significantly less abrasive than the pointed type of end rounding.
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Tapered filaments have a cross section that varies along its length with very thin endings. Additionally, these filaments have good stability of the filament corpus. 14 As a result, more flexibility is introduced in the filaments, which are presumably less harmful. 14, 17 For the present study, only three experiments emerged that assessed GA in relation to TFTBs. One study observed that in comparison to an end-rounded ADA-referenced toothbrush, usage of the TFTB resulted in a tendency towards fewer sites with GA (IV). The other comparison did also not find a statistical difference. The latter was a study with as primary outcome focussed on GA as based on an "a priori" sample size calculation but could not find a difference.
| Post-surgical hygiene care and safety for daily use
Two studies recently evaluated the use of a TFTB for post-surgical care compared to the use of an ERTB. Each patient received the assigned toothbrush after periodontal surgery 32 or after extraction of a wisdom tooth. 33 The TFTB showed no adverse effects during wound closure and was preferred by the patients over the ERTB. In the studies included in the present review, patient preference was only described in two of the included studies (II and IV). A higher score was given for "pleasant in use" by those participants using the TFTB. The exact reasons for this preference were not specified in the papers. Because a toothbrush has value in particular if the patient is prepared to use it on a regular basis, 34 it is important that the patient is satisfied with the recommended toothbrush.
This will have a positive impact on compliance to oral self-care recommendations.
| Funding
For this systematic review, the possibility of publication bias cannot be ruled out because studies were supported or funded by one manufacturer (GABA CH, currently owned by Colgate Palmolive). All participants from all studies used a tapered toothbrush that originated from the same manufacturer. As the funding source is not T A B L E 3 Meta-analysis for the end scores of the primary outcome parameters of interest (PI and GI) A chi-square test resulting in a P<.1 was considered an indication of significant statistical heterogeneity. As a rough guide for assessing the possible magnitude of inconsistency across studies, I 2 statistic of 0%-40% was interpreted as not to be imperative, and above 40% indicated that moderate to considerable heterogeneity was most likely present.
T A B L E 4 GRADE evidence profile for impact of the use of a tapered filament toothbrush in comparison with an end-rounded toothbrush on plaque scores and gingival inflammation from the presented systematic review and meta-analysis definitive evidence of bias, it is an indication that for instance reporting bias may exist. Analyses of the methodology of the studies, interpretation of the data and comparison of the products studied can, up to some point, help resolve whether a funding effect exists. 35 Although different study models were used, subanalysis of the data showed that this had no impact on the outcome of the metaanalysis. Additionally, it is relevant to know that the included studies were initiated by the investigator, which limits the influence of the commercial party. The included studies applied internationally agreed models and standards of study design, analysis and reporting and were, therefore, deemed important to accommodate in the systematic review.
| Limitations
• Blinding of the participant is hardly possible as the filament design being either tapered or end rounded is clearly visible. Nevertheless, one study (VI) in this SR reported double-blinding which is interpreted by these authors as not informing the participants whether they were assigned to a test or control toothbrush.
• Although all being categorized as tapered, different TFTB brands were used in the included studies with different toothbrush characteristics, such as extra soft cross-angled filaments (III and VI) and a toothbrush with a raised cleaning tip and soft rubber polishing cups that are made of a synthetic thermoplastic elastomer (VII).
• Brushing duration can influence the efficacy of plaque removal.
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This factor was not standardized in all included studies.
• There is cumulative evidence demonstrating that there is moderate certainty that toothbrushing with a dentifrice does not provide an added effect for the mechanical removal of dental plaque.
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The majority of the comparisons used a dentifrice. One experiment (VII) also evaluated the effect of both test and control toothbrushes with and without dentifrice. Although no difference in the incidence of GA was detected between the toothbrushes, the use of dentifrice resulted in an increase of marginal GA, irrespective of the toothbrush.
| Implications for future research
Recently, the new ADA guideline 6 on toothbrushes was published, for the design and conduct of clinical studies using manual toothbrushes to provide evidence on safety and effectiveness in reducing gingivitis and removing plaque. Only one (II) of included papers did comply with these guidelines. The majority of the included studies did not fulfil the criteria for instance a minimum of 30 participants per product group and safety assessments that should be continued for a total of 90 days.
If researchers are willing to design and conduct a clinical study investigating the safety and effectiveness of manual toothbrushes, it is recommended to adhere to the ADA guidelines. This could improve the quality of individual studies and makes a comparison such as this SR possible. If more studies can be included in SRs and MAs, the level of certainty could be increased.
| CONCLUSION
With respect to plaque removal, evidence was not conclusive to recommend the TFTB over an ERTB. Regarding GI, a small effect in favour of a TFTB was noted, the clinical relevance of this difference is probably negligible. Therefore, based on the collective evidence emerging from this systematic review, the strength and direction of the recommendation there appears to be no firm evidence for a dental healthcare professional to advise the use of a TFTB over the use of an ERTB.
| CLINICAL RELEVANCE
| Scientific rationale for the study
Manual toothbrushes with TFTB are available on the market.
Manufacturers claim that TFTBs have better plaque removal capabilities, which can result in lower bleeding scores and gingival index scores.
| Principal findings
No significant difference in plaque scores was found, while the gingival index scores showed a significant positive effect with unknown clinical relevance.
| Practical Implications
The results are applicable for dental healthcare professionals. There is no firm evidence to advise the use of a TFTB over the use of an ERTB.
| Limitation
